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Function/ 
Characteristic

Nature Evolved a  
Fantastic Storage 
Medium: DNA



1 0 1 0 0 0 1 1 1 0 0
1 0 0 0 1 1 1 1 0 0 1 1
1 1 1 0 0 0 1 0 1 1 0
0 1 0 1 0 0 1 0 1 1 1
1 0 1 …Manufactured DNA

Using Synthetic 
DNA for Data 
Storage



1 Exabyte in 1 in3

Extremely Dense

100,000s of Years

Extremely Durable

Never Gets Obsolete

DNA Molecules 
for Digital Data

Making Copies Is Nearly Free
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Encoding Digital Data in DNA

G G A T G

C A C T G

C T T A C



A CG TA A C

Repeated Letters Are Bad: Avoid Them with Clever Coding.

Encoding Digital Data in DNA



P [ At t a c h ]  =  9 9 %

9 9 % 9 8 % 97 % 9 6.1 % 9 5.1 % 9 4.2 %

1 0 0  n t s

3 6.6 %

2 0 0  n t s

1 3.4%

… …G A CG T G A

Synthetic DNA Sequences Have  
Limited Length: Break It Up



 G A C G T G C T  G C T C G C T A G C A C C G A T

Breaking up Data into Chunks (~150nts)



 G A C G T G C T
 G C T C G C T A

A T G T T
A T G T T
A T G T T
Key Ident i f iers  

("Pr imers")

 A A A A
 A A A C
 A A A G

Addresses  
Within the Fi le

C A T C C
C A T C C
C A T C C

Key Ident i f iers  
("Pr imers")

 G C A C C G A T

~ 20 Bytes per DNA Strand. Many Strands per File.

Breaking up Data into Chunks (~150nts)



Insertions G AG T CG AA

G AG T G A

G AG T C C A

Deletions

Substitutions

G G A T G C A

Aggregate Error Rates ~1%

Errors in Writing/Reading DNA



 G A C G T G C T
 G C T C G C T A

A T G T T
A T G T T
A T G T T
Key Ident i f iers 

(“pr imers”)

 A A A A
 A A A C
 A A A G

Addresses  
Within the Fi le

C A T C C
C A T C C
C A T C C

Key Ident i f iers 
(“pr imers”)

 G C A C C G A T

Payload  
Chunks

 A T T C T G C A
A T G T T
A T G T T

 C A A C
 C A A G

C A T C C
C A T C C

 T A C G T C G C
Redundant Data in  
Addit ional  DNA 
Strands.  Many 
Possibi l i t ies:  
Par i ty,  Reed 
Solomon,  LDPC, …

Adding Redundant Information
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Write Path

1 1 0 1 1 1 0 1

Encoding
1

A G C T A T C A G

Synthesis
2

Read Path

S equencing

A G C T A T C A G

1

1 1 0 1 1 1 0 1

Decoding
2



A CG TA CC G A C A C C T

DNA Sequencing



 A T G T T  T G C T  T A C C  A A A C  C A T G C

 A T G T T  G C C A  G T T C  A C A G  C A T C C

 A T G T T  G G A T  G C A C  A A G A  C A T C C

 A T G T T  T G C T  T A C C  C A A C  C A T C C

 A T G T T  G C C A  G T T C  A A A G  C A T G C

 A T G T T  G G A T  G C A C  A A G A  C A T C C

 A T G T T  T G C T  T A C C  C A A C  C A T C C

 A T G T T  G C C A  G T T C  A A A G  C A T C C

 Strands with  
Desired Pr imer Sequencing Cluster ing



…
1 1 0 1 1
0 1 0 1 1
0 1 …

Reassemble  
Data

Error  
Correct ion

Error-Free  
Data



Write Path
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Encoding
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~100TB per spot

275um



Sharon Newman/UW



Over 400MB, 5B+ Nucleotides, 
Demonstrated Random Access.



10MBs/week           100GBs/second



Source: Robert Carlson
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Transistors On Chip Reading DNA Writing DNA
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